INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related death worldwide, behind only lung and stomach cancer. 1 Early-stage HCC (solitary or up to three nodules ≤3 cm in size) with preserved liver function can be effectively treated by resection, liver transplantation, or percutaneous ablation with the possibility of a long-term cure, and 5-year survival figures range from 50% to 75%. 2 However, only about 30% of patients are indicated for such radical therapies. 3 HCC that is diagnosed at an advanced stage has a dismal prognosis due to the underlying liver disease and lack of effective treatment options. Sorafenib is an oral multikinase inhibitor that blocks tumor-cell proliferation and angiogenesis and increases the rate of apoptosis. 4 Sorafenib targets the serine-threonine kinases, Raf-1 and B-Raf, the receptor tyrosine kinase of vascular endothelial growth factor (VEGF) receptor, 5 and platelet-derived growth factor receptor-b. 4, 6 Sorafenib is the only efficacious systemic treatment and is well-tolerated in patients with advanced HCC. 7 Advanced HCC with tumor thrombosis in the portal vein (Vp3, 4) has an extremely poor prognosis. [8] [9] [10] In particular, there are few treatment options for advanced HCC with portal vein tumor thrombosis (PVTT). Arterial or systematic infusion of chemotherapeutic agents has been used to eliminate PVTT, 11, 12 however, results have been disappointing. Radiation is sometimes effective, but the indication is often limited by the extent of the lesion or impaired liver function. 13 In the Sorafenib Hepatocellular Carcinoma Assessment Randomised Protocol (SHARP) study 7 and multicenter study in Asian-Pacific region, 14 sorafenib was shown to be efficacious and well-tolerated in patients with advanced HCC. A subgroup analysis for macroscopic vascular invasions in two studies showed a survival benefit for sorafenib over placebo. 7, 14 However, the concrete data of sorafenib treatment for patients with advanced HCC and PVTT (Vp3, 4) in clinical field is rare. This study was conducted to assess the effect of sorafenib therapy on patients with advanced HCC and PVTT (Vp3, 4) in clinical practice settings.
MATERIALS AND METHODS

Patients
Between May 2008 and May 2011, 143 consecutive patients with advanced HCC were treated with sorafenib at Soonchunhyang University Hospital, Seoul, Korea, Soonchunhyang University Bucheon Hospital, Bucheon, Korea, and Soonchunhyang University Cheonan Hospital, Cheonan, Korea. From that group, 30 patients with PVTT (Vp3, 4) were treated with sorafenib monotherapy. HCC was diagnosed either by histology or from characteristic radiographic findings and elevated serum a-fetoprotein (AFP) levels. 15 All patients had advanced HCC that was not suitable for surgical resection, liver transplantation, or nonsurgical interventions including percutaneous ethanol injection, radiofrequency ablation, or transcatheter arterial chemoembolization because of diffuse HCC and major portal vein invasion. Other eligibility criteria included Eastern Cooperative Oncology Group (ECOG) performance status 0 to 2, ChildPugh class A or B, preserved organ function (serum creatinine level ≤1.5 mg/dL and alanine aminotransferase ≤5 times the institutional upper limit of normal), acceptable blood cell counts (absolute neutrophil count of ≥1,500 cells/mm 3 , platelet count ≥75,000 cells/mm 3 , hemoglobin ≥10 g/dL), and at least one unidimensionally measurable lesion. Patients were ineligible if they had other primary malignancies, had any other concurrent serious medical condition(s), or had undergone systemic chemotherapy previously. This study was carried out according to the principles set out in the Declaration of Helsinki 1964 and was approved by the Ethics Review Boards of Soonchunhyang University Hospital, Soonchunhyang University Bucheon Hospital, and Soonchunhyang University Cheonan Hospital.
Treatment
An initial dose of 400 mg sorafenib was administered twice daily. The dose was reduced to 400 mg/day (200 mg twice daily) if there were drug-related grade 3/4 toxicities or at the discretion of the treating physician until recovery from the adverse effects. Although the dose reduction was continued if symptoms did not improve, sorafenib was discontinued until the patient recovered from the adverse event. Dose modifications for a hand-foot skin reaction were based on prescribing information and 2008 consensus panel recommendations. 16 The side effects of sorafenib were determined using the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 3.0. Treatment continued until disease progression or intolerable toxicities appeared, or until a patient refused further treatment.
Assessments
Dynamic spiral computed tomography (CT) or contrast-enhanced dynamic magnetic resonance imaging (MRI) and determination of AFP level were performed at baseline. The response to treatment was evaluated every 2 months by means of a CT or earlier with clinical signs of progression. Tumor response was assessed until disease progression. The tumor response was evaluated according to the modified Response Evaluation Criteria in Solid Tumors. 17 Patients who died before their first radiographic evaluation were assessed as having progressive disease. Malignant portal vein thrombosis (PVT) in HCC was defined as expansion of the thrombosis within the involved portal vein and enhancement of the thrombus itself on contrast-enhanced CT or MRI.
18,19
Treatment outcome and statistical analysis
The primary study objective was to assess overall survival (OS). Secondary objectives were to evaluate overall response rate, progression-free survival (PFS), and toxicity. OS was defined as the time interval between the initiation of sorafenib and death. PFS was defined as the time interval from the first cycle of sorafenib to the date when disease progression or any cause of death was first observed. Survival curves were calculated by the Kaplan-Meier method and compared with the log-rank test. A Cox-regression hazard model was used for multivariate Cox proportional analysis. A p<0.05 was considered statistically significant. All statistical analyses were performed using the SPSS software package version 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patients
There were 21 male patients and nine female patients with a mean age of 58 years (range, 41 to 84 years). The most common cause of liver disease was hepatitis B virus (80.0%). The ECOG performance status score was 1 (n=20), or 2 (n=10). All patients had Barcelona Clinic Liver Cancer stage C tumors. According to the modified Union for International Cancer Control (UICC) TNM staging system, 20 19 patients (63.3%) had stage IVB cancers. All patients had Vp3 or Vp4 PVTT. Vp3 invasion occurred in six patients, and Vp4 invasion occurred in 24 patients. Nineteen patients (63.3%) showed extrahepatic involvement (i.e., nodal invasion and/or distant metastases). Distant metastases were most frequently observed in the lungs (n=14, 46.7%), followed by the lymph nodes (n=9, 30.0%), bone (n=3, 10.0%), and adrenal glands (n=1, 3.3%). Nine patients (30.0%) had peritoneal lymph node metastases, one patient had a right supraclavicular lymph node metastasis, and one had a thoracoabdominal lymph node metastasis. Half of patients (n=15) presented with tumors that had not been previously treated, and locoregional therapy had failed in the remaining 15 patients (Table 1) . (Fig. 1) .
Efficacy and survival
Three patients (10.0%) had a partial response (PR) and nine (30.0%) had stable disease (SD), making the disease control rate (DCR) 33.3% (Table 2) . Three patients with a PR achieved marked PVTT revascularization after 4 months of sorafenib monotherapy (Fig. 2) . In the efficacy and survival according to previous therapy, median OS was 4.0 months (95% CI, 1.48 to 6.53) for patients with previous therapy and 3.1 months (95% CI, 2.11 to 4.09) for naïve patients (p=0.663). Median PFS was 2.0 months (95% CI, 1.94 to 2.06) versus 1.4 months (95% CI, 0.83 to 1.97) for patients with previous therapy and naïve patients, respectively (p=0.570). DCR for both group were 33.3% (p=0.650). The presence of previous therapy before sorafenib did not show significance in efficacy and survival.
By univariate and multivariate analysis, a longer median OS was achieved by those with good liver function (Child-Pugh A; p=0.040), AFP <400 ng/mL (p=0.005), and tumor response (PR or SD; p=0.032) ( Table 3) .
Toxicity
The overall incidence of treatment-related adverse events was 90.0%. The reported adverse events were predominantly grades 1 or 2 in severity and constitutional, dermatological, or gastrointestinal in nature. Nine patients (30%) of total patients showed several adverse events together. Fatigue and hand-foot skin reactions were the most troublesome side effects, occurring in 13 (43.3%) and nine patients (30.0%), respectively. Other frequent toxicities were diarrhea (n=6, 20.0%), anorexia (n=6, 20.0%), rash or desquamation of the skin (n=3, 10.0%), and nausea (n=2, 6.7%). Esophageal variceal bleeding and liver dysfunction occurred in one patient (3.0%) each. Grade 3 toxicities included fatigue (n=3, 10.0%), hand-foot skin reaction (n=1, 3.3%), and liver dysfunction (n=1, 3.3%, severe hyperbilirubinemia). Grade 4 toxicities were not observed. The incidence of adverse events of Child A and B patients were 16 patients (94.1%), and 11 patients (84.6%), respectively. The incidence of adverse events in Child A and B patients were as follows: fatigue (7 and 6), handfoot skin reaction (7 and 2), diarrhea (5 and 1), anorexia (2 and 4), rash or desquamation (3 and 0), nausea (0 and 2), esophageal variceal bleeding (0 and 1), severe hyperbilirubinema (0 and 1), respectively. The percentage of hand-foot skin reaction, diarrhea, rash or desquamation of Child A patients were higher than Child B because of long duration of treatment. The percentage of fatigue, anorexia, nausea, variceal bleeding, and severe hyperbilirubinemia were high in Child B patients.
Twenty-one patients (70.0%) had to reduce their daily sorafenib dose. Thirteen patients required a dose reduction due to fatigue, five from hand-foot syndrome, five from diar- rhea, two from nausea, one from skin rash, and one from skin desquamation. The rate of discontinuation of sorafenib due to adverse events was 36.7% (n=11). The most frequent adverse events leading to discontinuation were fatigue (n=6, 20.0%), nausea (n=2, 6.7%), hand-foot skin reaction (n=1, 3.3%), esophageal variceal bleeding (n=1, 3.3%), and liver dysfunction (n=1, 3.3%) ( Table 4) . Besides adverse events, sixteen patients stopped the sorafenib by disease progression.
DISCUSSION
The aim of this study was to analyze the effect of sorafenib monotherapy in patients with advanced HCC and PVTT. Although sorafenib has been recommended for patients with HCC and PVTT, the clinical data of sorafenib in those patients was rare. In this study, 10% of patients showed a PR and 30% of patients showed SD, making the DCR 33.3%. The median OS duration was 3.1 months, and the median PFS was 2 months. Ten percent of patients showed PR with PVTT revascularization, and responsive patients showed a significant prolongation in OS compared with that in nonresponsive patients. Moreover, marked regression of PVTT was noted between 3 and 4 months after sorafenib monotherapy in the three responsive patients. The mechanisms underlying the antithrombotic effect of sorafenib have not been clarified. However, VEGF may play a pivotal role both in HCC angiogenesis and malignant PVT onset and evolution. 21 Sorafenib may exert a beneficial effect on malignant PVT by inhibiting the VEGF pathway. The PVTT revascularization by sorafenib is a remarkable finding, because there is no definite cure for advanced HCC with PVTT. SD and DCR in this study were lower than SHARP trial (SD, 71%; DCR, 43%) and Asia-Pacific population study (SD, 54%; DCR, 35.3%), although the evaluation methods were different (modified RECIST vs RECIST). Because the percentage of patients with Child-Pugh A in this study was 56.7% lower than SHARP trial (Child-Pugh A, 95%) and Asia-Pacific population study (Child-Pugh A, 97.3%). Also, all patients in this study had advanced HCC with Vp3 or Vp4 PVTT comparing with SHARP trial (macroscopic vascular invasion, 36%) and AsiaPacific population study (macroscopic vascular invasion, 36%). The low SD and DCR may reflect the abysmal prognosis of patients in this study rather than lack of effect of the sorafenib. SHARP trial showed a significant effect with a DCR of 43% in the sorafenib group and 32% in the placebo group. Therefore, deaths related to advanced liver disease might have masked any significant activity of sorafenib in this study. In SHARP trial and Asia-Pacific trial, a subgroup analysis for macroscopic vascular invasions showed a survival benefit for sorafenib over placebo.
The benefit of sorafenib was also consistent among all prespecified stratification groups, including patients with the worst Data are presented as median (95% CI) or number (%). CI, confidence interval. *The proportion of patients who had a best response rating of a complete response, partial response, or stable disease that was maintained ≥4 weeks from the first manifestation of that rating.
prognosis, such as those with an ECOG performance status of 1 or 2 or with macroscopic vascular invasion or extrahepatic spread. We also investigated whether the previous treatment may affect the treatment outcome of sorafenib monotherapy. The percentage of patients with previous treatments was 50% in this study and it was similar to over half of SHARP trial. The relation with previous treatment showed no significance in efficacy and survival of sorafenib treatment like SHARP trial.
In this study, we also analyzed prognostic factors impacting survival. Child-Pugh A, AFP <400 ng/mL, and tumor response (PR or SD) were favorable parameters relative to PFS and OS; these findings are similar to those in other reports. [22] [23] [24] The adverse events in this study were similar to those in previous clinical trials, 7, 14 with dermatological and gastrointestinal symptoms being common adverse events. However, the most prominent adverse event in this study was fatigue and general weakness. Thirteen patients required a dose reduction because of fatigue, and it was the most frequent adverse event leading to sorafenib discontinuation. The high percentage of discontinuation due to fatigue and general weakness might have come from the advanced HCC and the patient's weakened condition.
Besides the clinical results of advanced HCC and PVTT of sorafenib, we can induce three important points in this study. The first is the chemosensitivity of sorafenib, the second is the resistance, and the final point is individualized therapy. HCC is a complex and heterogeneous disease at the molecular level, and different pathways can be aberrantly activated in distinct patient subgroups. With such heterogeneity of pathway activation, an individualized approach based on detecting predictive markers for sensitivity and resistance will improve treatment efficacy. Zhang et al. 25 reported that phosphorylated extracellular signal-regulated kinase could be a useful biomarker predicting sensitivity to sorafenib in HCC tumor cells in an in vitro study. Recently, sorafenib potentiated irradiation effect in HCC in vitro and in vivo. 26 Sequential treatment with radiation followed by sorafenib had the greatest in vivo antitumor effect. 27 Bhoori et al. 28 also showed a personalized approach to molecular targeted therapy for an advanced recurrent HCC in the clinical transplant setting using a combination of sorafenib and the mammalian target of rapamycin inhibitor everolimus, although data were limited to a single case. However, there are no clear predictive factors, and limited data are available on resistance. Hoshida et al. 29 suggested that a new class of genomic information, microRNA dysregulation and epigenetic alterations, will provide insight for more precise understanding of HCC mechanism and expand the opportunity of biomarker/therapeutic target discovery. Further study to investigate predictive factors and resistance to sorafenib for personalized therapy is warranted. This study has several limitations, including the small number of patients, retrospective design and a single arm study without a control group. Most patients had advanced HCC with Vp3 or Vp4 PVTT and/or extrahepatic metastases, so they could not maintain long-term sorafenib treatment. Therefore, a per-protocol evaluation in an adequate number of assessable patients could not be achieved and treatment duration was too short to assess the efficacy of sorafenib. Further study with a large number of patients treated with long duration will be necessary to assess the efficacy.
In conclusion, sorafenib treatment showed that 10% of patients with advanced HCC and PVTT showed remarkable outcomes with PR and PVT revascularization, although the treatment results of this type of patients is extremely poor. A sensitivity investigation to predict good responders for personalized therapy is warranted. Data are presented as number (%).
